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PARASITOIDS OF THE AUTUMN GUM MOTH, MNESAMPELA PRIVATA

(GUENEE) (LEPIDOPTERA: GEOMETRIDALE) IN SOUTH-EASTERN AUSTRALIA,

WITH DESCRIPTION OF TWO NEW LARVAL PARASITOIDS

by R, K. Senovacner -, A D AusTING & R. B. Froyp®

Swmmary

SCHEMACHEE, B K AUSTING AL DL & o, R BO2000) Pursitoids of the st guin moth, Maesoigeli
prtvert (Cinence) (Lepidopters Geomoetridae ) o south-eastern Avstendin. with description of o oew Lavil
paivasioids, Trans. K Soc S0 Awst 12400), 1-15, 31 My, 2000,

Parasigids were reared from cocoons present i larval shelers of Macsaopelo pevaie 1Guenee ) ealleeted a1
Ao anid Shepparton. Victoria and Canberra (Lyneham Ridzer ACT. The most cammuon primany parisiton
wits d gregarious briconid wasp. described here as Croresia geomenricae Austin sp. nov. This species athieked
Bost tarvae ut all locitions and conerged Fran the fouwth or A instar pupating gregariousiv. A second brocond,
deseribeed here as G hptapanteles miesamgrela Austin sp. noy.owas found at Lyneham Ridge This parasitond was
superlicilly simik w O geonter e, aneked early-instar host keevae and also emersed from e fouhoon (il
Hskar T pupite etegariously. One other <olitaey prioary pacsaoid, Casiomarir mecora Jerman & Gl
Cehmeurmnomdaes, ainerged from fomrth e Gt instare lirvigt sind popated extermally. At (st five species ol
hypeeeparasitonds cierged from the cocoons ol O geomelencae collected in Victoria: two species of Iadeemsies
Hehnemmonmdac), Mesachorns sp Oehneomonidae), Flayons spe (Esmidoe) sod Megadioylas sp.
tPreronmalichiey, with one ol e fsdrons speeies heing most commeon. The Levid-pupal parasiod Hereropehin
secposen (Morley s lehneameonidaey emeraed Trom 10% of pupae reared fron larvae collected m e ACT over
the sime periond s adults of M- peivare. Sexoand viability sigaificantdy mfluenced the weight o pupae of M
proveter Bue pupie parasitised by 270 seaposim could not be separated using weigh, Notes and st ilusteated key
A provided o Fachitate e casy identilication ol e purslonds.

Koy Wourns: Autumn gaion math, Mucsampedi privata, Geomeidae, Glhyptapamteles, Cotenid, Casinari,
iteroped. dsidromas. Mesachors. Elasmns. Megadieviay, Bracondac, ehnevmonmdae  Flasmidie,

Prevomalidig.

Introduction

The autuwmn gurn mothe Maesumpela private
(Cinenee) (Cieometridaey is endemic o Australia and
aceurs throughont the sonth-custern and  south-
westefn parts of the confipent as well as Tasniini
(NMeQuillim 1985 Abbott 1993), Larvie feed on o
wie range of eucalypl species (MeQuillan T985) but
prefer the juvenile Tolige ol trees i the blue gum
pronp (Elliott & Bashford 1978), which includes the
mmportant  plantation species  Lucafvptus  nitens
CDenne & Muadent Maadon and L. olobidny Ll
tAhboll 19930 Bushlord 1993 Neumann 1993
Phillips 1993, Muesampela privare can ocenr in
Iiph numbers in young. even-aged stngds of planted
cucalypty amd cause severe defolinuon (EHon &

PRI ROy S mtas s Adsir i i S attomil VInmsesny,
Comtrrn ACT Q200 it itdiesss Depaetndnd ol Zanslagy sl
Toatomiobog v Ehe Eiiveesiny ol Quecnstdned Q00 307 2,
Dacpaiment o Applicd & Moteentin beology. Widle Campus, The
Uimversaly ol Adelride Clen Oxmantd SA S0

CSINOY momabigry, PO B E700 Canhorrs ACY 2l
b, T WO RN N sudy ul e st g el
Muesanpedie pefoaia Cinva, OEepidopnera, Geommaridae - on
Loweatpiatis wegs i el et Bistcanit Assecinied. Pores)
FRe i dateral Bopart: Pt bk

Bashlord [Y78; Roberts & Sawtel] 1981 Flliott er ol
19001; Abbot 19932 Neomann 1993 Phillips 1993,
rrow ef gl 1994). Outhreaks cun be cconomicilly
costly us severe defolintion can reduce the growth of
rees (Floyd & Farrow 1994 and may evenlually kil
them i defolintion occurs over severdl sucvessive
yeuars (Cune e af. 1974

Clurrently, management of outhreaks o8 M. privarn
consists of browd-scale spraying willi pon-specific
chennical insecticides (de Litte TOSTE Hiow or ol
[090; Newmann D932 Piallips 1992 Neumann &
Collen 1997) These chemicals have undesirble
effects on the cnvitonment. may  exiacerbite
onthreaks ol Mo prrvard und other detoliwars hy
climinating  natdral  enemies  and may  indoee
inseeticide resistance (Hottaker 1980 Risch (987,
Newmann  1992) Allernative  pest  management
lechnigues such as hiological control, larget-specilic
chemicols and silvientural methods  have  rhe
porential o mumimise covivonoental dansge and
contribute 1@ sustainable management pracrices
(Hotaker 19800 Olaet 19900 Flovd & Farrow
1994), Flowever, successil mplementition of uny
pest menagement progounme jequies o thoroueh
knowledge ol the ecology of the pestand its nafural
enemies (Qhnart 1990). Despite the importance of
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M. privata as o pest there have been few studies ol is
higlogy (e Elion & Bashlord 1978 de Linle
PR 1 Lukaes 19997) and information congerming is
parasitoids is fragmentiry,

The aum ol this study was toidentify parasitoids
nndd hyperparasitords associated with the barvae of A7,
vt i the ACT and Vietoria, conduet i
mnveshgation of parasiod lost age preference sl
examine the infTuence of sex.viability and parasitism
on the pupal weight ol M. priva. A key o the
parasitond specics reared in this study is given and
two new bracomid specics, Cofesia seomet)ivue
Anstin spe nove and Clyplupaateles mnesamprelo
Austin sp iy, are deseribed.

Materials and Methods

Sty sites

The stady was undertuken s Two sites in Victoria
N September (992 and one in the ACT during late
anbimn and winler 1993 and 1994 The siws
Yictori comprised o plantaion ol £ ghobilus
slhobrdoy v Alwang (375 507 5. 1447 4R E). and o
farm planting af Shepparton (367 )" S, 143% 13" K
comprising booo alobufus, £ w0 psetloglobnlis and
Foop hreostatie Both Tocitions higd heavy infestationy
of M pervata Cup foc 109 delaliation by firvac s The
ACT site was at Lynehim Ridge. Canberru (357 14
S, 96" ), comprising mised eocalypl specics
whieh were ouly Tiehily nlested by Mo prata
rappastroarely 109 detoliion by Ly ),

Rvaring parasitoads

Papositods were reared from ite-istie orvae ol
M. prevade, e tonmer having papated on the Tead-bag
irewhich host forvae shelter during the day (FEllioll &
Bashiord 1978 MeQuillan  1985),  Leal-bags
conaining late-instar host larvae pnd  parbsitad
cocoony were collecied from 44 £, w wlobulius ol
Alona, and approsimtely 1O rees(eomprising £ o
sabudna, Fogopsendoglobiluy and I, g, bicesialic) sy
Shepparton. One leal-bag containing  lile-instar
lirvae el parasiioid cocnons wis eollecled Trom L,
O Bcastene at Lynehan Bige an Toe August 1994,

Claeh parasind cocoon (or group ol cocoons tha
were Apinn tagether in the instances of muliple
patrzsslisrn ) wis 1mmwad from the feat=hag, placed in
aovenlifuled vinl 12 ey dian, 8 8 oem figh) and
incubaisl al 200 2 270 Approximadely 1300 such
samples resolicd from nnaterial collected  [rom
Alonas 13 Gror shepparton and one Tront Lynehan
Ridge. Winls were checked seckly until parasitoids
began o emerge and then every -3 davs Tor 1w

Cheboes Ao PN Phesntoey ul Yhe auluis gom mnth
Warrsanyuc o poeveen (0 L PHE Hhes s Loivassmy ol hasinani
funpnk

weels: A linal cheek was made alter T8 doys. Adull
parasuwids were emoved as they emerged and
placed in 704 ethanol.

Mot e proferenc

To investigate the host age preference ol larval
parasitoids, a runge of availihle instirs wis collected
fromy L. g bicostetia ol Lynehian Ridge on cight
pecasionsin 1993, Collechons were misde 2-3 wecks
apart. over the peviod thar krvae were present (early
Muy W lwe Adgust). On cieh ocension 2212 rees
were jnspected and groups of 119 tmedian of 5.5)
larvae colleeted Trom ench (ree. Larvie were reared
in ventiluted plastic containers (120 mmr digni. s YS
mm high), provided with o small braneh of juvenile
Fooos breostard, the stem of which wis placed throogh
4 hole in the base of the contumer and info watel
helowe Folinge was changed Iwice weekly, Farviwe
were teared ar 25 £ 2°C under nawural liglo
conditions, When larvie or pupuc of parasitoids were
observed witl w dead oF dying M. privera Tarvi, the
date, number ol parasitoids present and 1he instar ol
the host karva were recorded. Larvae that died Tor
reusons other than parasitisation wire not fnceladed in
the analvsis. Head copsile size was used 1o estimate
the Lurval instar of M privata (BN ot & Bashiord
[O7R) Parasitoid lurvae o pupae were remevid 1o
individual ventilated vials (2 em diam, x ¥ om highy
and ancuabated ot 22 4 27C until the adults emerged.
Adulrs were stored in 700 cthunol.

Pupad weight

Muesampeta priva laryae  collected  fram
Lynchamt Ridge thar pupaed suecessfully svere
werdhed walhin thece days of pupation, Bach pupi
wirs ineubuted in o venlibied vial (20 mm diim, 5 80
min high) ae o remperatore of 4.0 & 0.57C and 705
relative hutmidity untl late Octaber, In Novemiber.
pupie were plaeed onfside in namral light and
tempecatire: regipes and  relitive humidity wis
msantadned b 70%. Pupae were ispected noithiy
from mid-Tanuary (or the emergence ol parasilonds
o ddill Mo privata, Pargsitoids emergsing from hosl
pupae were storecd in 708 ethanol. The sex of adall
M. privata was deterimned using the morphology of
the Frenulum (olter Elhon & Bashlord 1978 and tha
of nonoviable pupae by the posttion of the genital
cedl (Lawrence o gf- 19911 One-wiy ANOVA was
perlonned (o test if the outconie o pupie of W
preivet ties the emergence ol either o male or lemale
adult M- privaze. an adult parasitoid or the death of
the pupae) influenced weight ae pupation (Sekal &
ROWIF 1081, sl significantly  dilfferent groups
separgted hy SChefTa s s of multiple contriasts (Zir
PONG A Chisequre goodiess=ol=fr fest Wis tseed 1o
compire e ses ratios of pupae and adults with an
cypected ralio ol Tl (Sokal & Rohll 14981 ).
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Pewrson s chi-squine was performed 1w detenmime i
sprecesslul pupation fo adult was independent of the
sex of the pupa (Sokal & Rohlf [981).

Results

Prevasitond complen

Cocoons Tarmed by two species ol privary
parasitoids were present in the feat-bags colleeted at
Allomacand Shepparton (Table 1), The most common
cocoun. made by Coresiog geamenricae (Braconidae).
was white. ihout 4 mn i Jength and Found in groaps
spun together with silk, The other type of cocoon,
formed by Casinaria onera Jennan & Gauld
(Ichneumonidae), was mottled orange-brown. about

O i e length and sohitiry. Five species ol

hyperparasitoids emerged fron the cocoons of
geonleiege (Table 1), the most nuimerous being a
species ol adromay (Ichneumonidae) therealler
relerred o as Isdromas species Ay A seeond species
ol Isdieonas (sdromas species By, Megadicvias sp.
tPteromadidae), Mevochorns spo (lechneumonidace)
and Flasinies sp. (Elasmidac) alse emerged from the
cocouns O C, geometricde. Cotexia geometricde also
emerged from cocoons present in the  leal-bag
colleated at Lyncham Ridge in 1994, [owever,
sedmetricae Was nol reared from larvae collected
Lyncham Ricdee in 1993, Instead, another braconid,

Cilyplapanietes maesampel. pupated in groups of

one or fwo white cocoons external o the Tate-insir
host 1Table 2. Casinarda micra was also reared rom
a larva collected al Lyneham Ridge i1 1993 and the
Loval-pupal  parvasitoid,  Heteropelmua scaposiunt
Marley) (Ichoenmonidae) emerged from the pupac
ol M. privata reared over the sanmer ol 1993-94,

Retalive  frequency of pavasitoids  reaved  Jrom
parasitoid covaans prescit o loaf-hags

OF the 130 samples callected from Altona. 64
resulted in the emergence of O veametricae andfon
its hy perparasitoids (536 individwals) and 10 with €
micra (Table ., while 51 did not yield any
pirasitowds, The 13 swmples from Sheppirton
resulted in fowr without emeraenee, tour with ¢
veennelrteae and/or its hyperparasitoids (17
individuals) and live with €. mera. The single
samiple collected i 1994w Lyneham Ridae vielded
[4 individuals of € geometricae. The cocoons in
cach gioup of C geometrieae were pol counted o
exdanuned closely Tor pror cmergence, so ik was nol
possible o determine (he average number of cocoons
per group biased on the number thit emerged, or 10
culeulate accurately the yelmive trequency of
successtul emergence. non-vithility and hyper-
parasitisation. Bearing this in mimd. about one-third
ol the groupy ol C. geameiricae cocoons resulted in
the exclusive emergence of O geomctricad, one
third vesulted fnan ininal emergence of
acometricae followed by the emergence ol Isdrons
spe A Trom the remainder ol the coconns (N4, siy ol
these  groups  also  vielded  Isdromas sp. B
Muogadicvlay sp. imd Mesochorus spealtér an initial
cmergence of O geomelrioael, and  one-thirgd
excluosively yielded hyperparasitoids. /sdromus sp. A
Isclromas sp. B, Megadiovlas sp.and Mesaciioris sp.
emerged  from cocoons collected ue Altona, and
[selranmers sp A and Lasmes sp. from Shepparton
(Table 1y Thus, ol the (wo siles in Victor, ©
geomentegr was the  most  frequent  primary
parasitoid ol farvac bur about hall” of ity cocoons
were hyperparasitised. primarily by Lsehomas sp A

VaBLE 1. Parasitoid speciey emerging from cocoons assoctared with the durvae of Mocsampela privac collecred in
Vitua and Shepparten, Victoria o 1992 FTold number ol cocoons per aroup was not cotnted.

Cocnon type Biolowy Specices emerzed

mdividuals

Altona
No. 0ol total N, My,
indviduals mdividuals

Shepparton
Yool ol No,
mchividigls

White, Prirary
aresurions parasitoid
- Hyperparasitoid  fydromes sp. A

h Mesechorny sp.

Islronigy sp. 13

Muegadic ylay =p.

Come S yeomeiricay

Flasimis sp.
Total Nooindividuals
"Median No.
ol emerzences/orou)
Orunge, Coustbati ted R vl
salitiry

Prinury
parsisicond

252 4740 4 236
246 159 10 SNY
N 34 t

(il 21 () -
0 1.7 ()

() - 3 177
536 - 17 -
0 q

1o 3
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Tavn 20 Parasiisation of larvae of Maesampela privata coflected ar Lyiehan Ridge (Canberra, ACT ) in fous e
Fo0-4 Cotesia geontetriciae wes veated from parasitoidd cocoons preset i a M. privata feaf-hay.

V. privana collection

Parusiloid emergence

e Insgar Dute Host instar No. ermerged Parnsiioid species
/0593 2 2206093 4 ] Cilyprapamedes
mtaesinipcka
05493 2 2206/ 4 2 G mnesanipelo
I (RYER] 3 22/06/93 4 | {5 resannpeto
73 4 | 1AY7/0R 3 | Cusinario nuci

(Cuxinario micra oceurred tess Trequently i did e
appear ko have any hyperpatasitoids, Estimales ol the
relative Trequeney of Tarval purasitoids at Lynelion
Ridge o 1994 could not be made ax only o single
sample iy colleeted and @ comprehensive survey
wils not undertaken.

Relative freguenes of  pavasitofds reared from
coflecred farvae of M. privita

The 426 larvae of M. peivara collected of Lyncham
Ridge in 1993 yiclded only tour mdwviduals ol (5,
mmesanpefo and one ol C.paera and neither species
was hvperparasitised (Table 2). The collection ol M.
privata larvae prevented hyperparasitism ol parasitoid
cocouns wd probubly limited hyperparasitism via the
Tarval host, Towever, none ol the larvie colleeled i
their fourth or Tifth instar (28% ) contained seeondary
parasitoids.  snggesting that the Trequeney ol
hyperparasilonds was very low at this site. TFifty-siv
pereent of popae resulling from collected larvae dicd
betore wid January 1994, 34455 pupated suceessiully

wachile M. pedverea and 109 resulted nn the emergenee
ol 7 seaposma. Vhas, the larval-pupal pocasitoid /7
scaposutt was the most suecessful - puarasitond
altachime larvae ul Lyncham Ridge jn 1993,

Hlast uge preference
Three Lirvae collevted in their second or third insty
vielded G, mistesampeda in the Tourth instar CTable 2).

This result shows thut G mnesanyrela can parasitise

second instar hosts, The possibility that st instar
hosts can be parasitived was not conlirmed and
msullicient parasitoids were reared 1o determune il
lder Liost instars are also vulperable, The host age
preference of Coomirra v unclear as only vne host
larvit, collected inits fourth inslar, was parasitised.
Heteropelma seaposin were observed attempring 1o
parasitise both carly- und late-instar lvae ol M.
privaig i the Tield, However. percent parasitism by
1. seaposin did nol increase significantly with host
age sugeesting that parasilisation of Tater instars wis
not as sueeesstul {Table 3),

st 3. Peviewt cuervence of the kovad-pupal pacasttond. Deweropelina seaposunt i refaiion o e instar at whiclr ifs
host, Maesampela privins, waos collecied Lneham Ridye (Caonbwrra, ACT,)

frsrar of
M. prevata
at collection

No, pupae

1 Seapvann

4 emergence

M. privaa No emergence

2 37 Ul
3 i {t]
4 50 1t
b 2L 18]

1 S8
AN 52
32 3N
A 53

Tavn 4. Fifecr af the omcame of pupae o e weladn of pupte of Muesampela privaty daee doys after pepation.

F o 03 Ncheffds rese of mltiple contrasts.

Cufeome

Adult nvale M. preiveda ©, adule female M priveata
Male pupae thot died v. Temide pupae that died
Aduly M privada v pupae ta died

Adult M. privade voadolt L seaposin

Adult £1 seapasinn v pupie that died

Mcuon weight + SE (mg) F
149£3.7 v, 127432 17.68%
12023, 1 v, 1ON+2.0 26.63%
140£2.8 v, 11022 31897
1400628 v, (42458 0.6
142458 v 110422 17 44+
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Pipal weivhy

The vutcome ol pupiae (categonised by the
emergence ol either o male or female adult M.
private., an adult A, seaposum or the death of the
pupac) significantly influenced the weight of pupac
At pupation (F= 22940 = 4.200: p < 0.001), Pupace
thit dhied were significantly lighter than both pupiae
that successtully produced adult M. provata and

n
1
(Ll

H

[l

Number of indiv idualy

i

il

Biays alter enllectiun

43,44
(-]

W peeaeh e vachiively
O goemaadipap odlow el by dgfrmmgin spe A Tronn (hae s Lo e i

LU bachonmy A bt i TOmg e s prons £ weonelne e

oo b Temporad patern pf emergence of the wregarious
Py parasivoid Cogenie geometricg spenove amd s
Iy perparasitoned Il spo AL Trom groups of cocanns
asnociated with the Ywvie of Mavsampelu privita
(Cuence) collected ar Alwna. Victonia.

el

Number yi

:,T-I I_Lﬂm | L

Hefore lun 15 Jan Lo Feb 1S I'eh Liv Mar |5
M Afer 43

e Ape 15 Tadal nambier

oyl

et ot e
O3 e onm
B Ml M
O bt pf pangreqgs
Hig. 2, Temparal pattern oF cmergence o adaly Mo saimpeli

privata (CGuence) and  the Leval-popal - parasitond
Heterapelma scaposum (Morley),

parasitised pupae resulting inoadult Fo seapospnn
(Tuble 4, Pupac resulung o adult Ternale M. privata
were signilicantly heavier (han those resulting in
males. However. the weights of pupae resulting in
adult . Neapasam were not significantly dillerent
from those of pupac tesulting in adults of M, privata
(Table 4). The sex ratios of pupuc of M. privata (nol
including pupac that resulted in 1. scapositm) and M.
privata that emerged us adults were 12104 ( n = 1R¥)
and 1:1.33 (n = 72) (male : female) yespeetively.
Neither o wis sigmbicantly different from 131 (¢
= (085 and 1.389 respectively. dI = [ p > 0.05),
Successtul pupation was independent of the sex of
the pupa (X7 = L6l dl = 1; p > 0.05)

Biology ol parasitoidy
FFamily Braconidae
Cotesta geontetricae Austin sp. nov.
&
Glyptapaiteles mnesarpela Aushin sp. nov.
(FIGS 5.9, 10)

AL Known spedies ol the microgasierine gencri
Cotexia and Glyptapanteles are endoparasitoids ol
macrolepidopterans (Austin & Dangerficld 1992)
although there 15 no previous record ol either genus
parasitising luevae of M peivate. I'he species remed
during this study are unkiowi aid described below
as two new species. Cofesia and Glyptupanteles can
he casily  recognised  Trom other  parasitowds
associted with this host by the ahsence ol venation
in the distal part of the fore wing, the absence of vein
2meun (Fig. 5), their small size and dark colour
Superficially. they are similar (o cach other and could
he casily misidenufied ays a single species, However. the
shupe and sculpturing of the first und second metasomal
tergiley can be used 1o readily separate themn (Figs 4,
10} (see descriptions below for further detail ).

Cilyprapanteles mpesampelas can parasitise second
mstar larvae ol M. privata although it s not known il
fiest or later mstars are also vulnerable. Final-instar
farvae of Goopnesampela and C. geonetricdge emerge
from the penultimare or final instae of Mo proven.
agaregate and pupate near the host remains, This life
history 1s  consistent with - other members. of
Cilyptupanteles and Coresia excepl that not all species
N hese TWo Eener:t are gregarious: sonie e known o
he solitury (Aushin & Dangertield 1992), Adult €.
geometricar emerged 13-24 days after the collection or
their coconns at the field site in Altona, Victoria (Fig. 1)

Famuly 1chneumomidac
Caxineria miera Jermin & Gauld
(FIGS 3. 12)

Al known species ol Casinaria are solitary
endopuarasitoids of lepidopreran farvae. This study
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provides the tirst record of C. micra teared Irom A
privan. Specimens of o Casinaria were veared [rom
M. privata larvae collected by EHintt and Bashlord
(1978) bul were not identificd to species. In this
study. C.miera killed lute-instar larvae. This result
differs Trom that of Jerman and Guuld (1988) who
obscrved C.omicra Kitling Muesumpela (species not
specified) man carly instar. However, Allen (1990
(ound adults of C.micra emerging from mid- o lte-
instar lurvae of Uraba lugens Watker (Noctuidac).

The speeimens reared from eocoons in Victoria were
all solitary emergences which occurred 15-27 days
after collection.

Heteropelma scaposam (Morley)
(FIGS 6, 14)

This species s a common solitary  larval-pupal
purasitoid with numerous host associations including
Parargunda australasia (Fy (Yormerly Digglesia

Figs 3-8 Wings, Fig. 3, Casinaric nicra Jermun & Gauld, Fig, 4 Mesochorus sp. Big. 5. Glyptapanieles mnesampela sp,
nov. Fig. 6. Heteropelma seaposim (Morley). Fip, 7. Megadicyias sp. Fig. 8. Elasnue sp. Scale bars = 0.5 mm 3-5,7: 1.0
mun 00 200 urm 8, Abbreviations: a = arcolet; pt = pterostignia: st = stigmal vein,
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Figs 9. 10, Propodeam and metasomal tergites 1-3. Fig. 9. Cotesia geomerricae sp. nov. Fig, L0, Glyptapeaticle s mnesamypele

sp. nov, Scale bars = 100 pm.

australasia) (Lasiocampidae) and the agricultural
pests  Helicoverpa  avmigera  (Hibner)  and
Spodoptera Hitura Fo (Noctuidae) (Gauld 1984), In
these associations /. segposum parasitises its host in
an carly instar (Gauld 1984). It has previously been
identilied ws a larval-pupal parasitoid of M. privata
in Tasmania and Victoria (de Little 19811 Lukacs
19994, i this stady. /1. scaposum appeared (o be
most saccessiul in parasitising early-instar larvac
(Table 3). This is consistent with carly instars of M.
privata not Torming protective leal bags and thus
being more valnerable to parasitoid attack and with
the fact that larger late-stage larvae exhibit more
elfective  defensive  responses  (rearing — and
regurgitating  drops ol” ffucalyprus-scented  Tuid)
(Elliott & Bashlord 1978: Schumacher, pers. obs.).
In addition, Lokacs (19992) observed oviposition in

first instar larvac ol M. privata but nonc in later
instars. Larvae ot [l scaposum do not develop
beyond the Jiest instar until the host pupates (Gauld
1984). The average weight of pupac that yielded H.
scaposum was not significantly dillerent from that ol
the mean weight of viable pupae (Tuble 4), indicating
that purasitism by H. scuposwne does not influence
the behaviour or growth ol larval hosts. The temporal
putterns ol emergence of male and female M. privatu
and /1. scaposam were similar (Fig. 2) with most
cmerging between mid-February and mid-March,

Isdronias spp.

(FIG. 13

species  are commonly  reared  as
from  small ichneumonid  or

Isdronuas
hyperparasitoids
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Figs 11, 12, Lateral metasom. Figo L1 Mesochoras spe Fige 120 Casinaria sicra Jerman & Gauld, Figs 13, 14, Dorsal
metasoma (sculpturing not shown ). Fig 13, Isdromas spo A Vg, 14 Heteroppeting scaposim (Morley), Figs 15, 16, Hind
leg. Fig. 15, Elaymus sp. Fig. 16, Mevadicvlay sp. Scale hars — 1.5 mm T 120 03 mm 13,15, 16 1O mm 14,

Abbreviations: ¢x = coxy, [= lemur,

braconid cocoons, particularly from microgastrine
braconids. although they are also recorded as
primary parasitoids of a range of lepidopteran hosts
(Gauld 1984). There are about 30 species known
from Australia. all except three are undescribed
including the two species reared during the present
stody.,  There is no  doubt that they are
liyperparasitoids in the cocoons ol C. geometricae
(‘Table 1), given that no other cocoons were present
and the larval cadavers of M, privata were not left in
the rearing vials. The peak ol the subsequent
emergence ol Isdromas spe A occurred 11-16 days
alter C. peomerrivae emergence (Fig. 1).

Maosochorus sp.
(FIGS 4, 11)

Mesachorus  spp. uare  hyperparasitic on  (he
cndophagous larvae of Broconidae and Tachinidae
(Gauld  1984), Within lepidopteran hosts. miesa
chorines  will  olten  attack  gregarious  endo-

parasitoids, especially microgasterine  hraconids
(Guauld 1984: Allen 1990). In this study Mosochories
sp.owis reared  from cocoons ol CL geonid e
Species of Mesochorys also parasitise Cotesia
wrahae Austin & Allen (Braconidac) and C. wijcra
via U fingens (Austin & Allen 19890 Allen 1990), s
well as the tachinid parasitoids of Paropsis atomaria
Olivier (Coleoptera: Chrysomelidue) (de Little [982)
and Perga spp. (Hymenoptera: Pergidue) (Carne
1969).

Family Elasmidue
Elaxmus sp.
(FIGS K. 1S5)

Members  of  this  genus  are  ohligae
hyperparasitoids of Lepidoptera. One species, [0
anstraliensis Girault, has been rearcd tfrom C wifcru
and two microgastnine braconids via U fwgeps. In
this study only three specimens of Elasmuys sp. were
reared [romn C. geometricae via M. privata and they

|
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1y be similiaely parasitic on Coicra although this

ASHOCIALIOR Was Dot contivmed.

Family Pleromalidae
Megadievlay sp
(FIGS 7, 16)

Megadic ylay spp- are primary  parasilowds ol
lepidopteran Tarvae wd pupide i cocoons. or gie
hyperpavasitoids: on them, They have previously
heen associated with several lepidopleran Goiilies,
as owell as microgasirine hraconid cocoons (Bauitek
[OKR). This Ix the Tese record ol o species being
reared rame Mo privara. Ieis most likely a
hyperparasiton] of € geometricae as no other
cocpon types were noticed aod The cadavers ol M.
privaie lurvae were not et in the rearing vials: Only
one species hos been recorded Trom Anstralin. M,
dihins (GIrany bt the association with M privant
[ty not been confirmed as s specivs.

Other parasuedds ussociated with
Munesampela privida
(lefmeumonidae and Tachinidue)

Apart Trom the species discussed shave a number
ol other parasioids has been prevaously redred from
M priveaea bt these were not recorded in the present
study. They inelude the wwhneamonids Eirhorus sp,
Megweerir pugunu (Morley),  Prislicerny  sp,,
Compoplecsp. and 2Anacrts sp..and an unidentilied
tchingd (ly (Elliott & Bashford 1978; de Lt
FOR1 Gauld 1984, Lukacs 19992 (Tuble S). OF
these species, all have been reared from M. privada in
Tasmanin with the exception of M. pagang which is
known only from Victoria (Gauld 1984, However,
Ganld (1984 recorded an unknown
Mevacersa lromn Mo vt i Tasiapia and i s

very likely (o be this species. Based on the binlogy of

other species belopging 1o these ichneumonid
generd. all of them are probably solitary primusy
endopariasitoids (Cranld 1984 We have not been
Hhle o examine material of these species ind so have
pot dnclided  theim in the kev, dalthough  their
dishribution snd biological charaeterisies  are
compared with the species recorded in the present
study e Table 5

Key tothe parasitoids of Mnesampela privata at
the three study sites

I+ FFore wing with relatively complete venation
(Figs 30k snuudl o Large species, > 2.5 i in
Fore wing with pramented venaton reduced Lo
antenor marem (Fres 7, 83 mmate (o small
species, < L5 mm i lenglfae e v 8

species ol

R

f,

Fore wing with venmution distal 1o plerostign
wanting (g, 5 vein 2meu absenl
CREHEUMIENY: i cas it oeidinesddobayy seleb s ensitogms ol
Fore wing with distul veins present dind well-
plemented. vein Jimeu present (Fras 304, 6}
[lehnenmomidie ), wee cid s th s o i
Propadenm and metnsomal tergites | oand 2
virtually smooth: tergite 1 nartowing apically;
tergite 2 with subtriangular median Geld (Fig.
10) o Glyptapaiteles wmesarmpela sp. nov.
Propodeum and imetasomal tergites | and
with obvious dense punctation; fergite 1
maoderately  broad, parillel-sided; tergie 2
hroad and rectangulor (Fig. @)oo aa,
........................... Clorexie ceametticae sp. noy,
Fore wing with an areolet (Figs 3, B3
Fore wing without an arcolet (Fig. 61 ... O
Scutume and propodenm dénsely panctade or
rugulose: ovipositor very short, not protrnding
pust postenor mefasamal tergiles. (Fig. 12)
(hody 7-8 o in length, dark brown (o hlack,
legs reddish: @ genitalin without puir of long
(U)o Casittettier titiera Jerman & Gauld
Scutum and propodeunm generally  unsculp-
tured (except for propodeal carmae and
micropunetures associated  with pilosity
ovipositar aboul /oo Y length of melasani
(Fig, 11) (hody 3-4 mm in fength. vellow
brown with darker markings; o genjtalia with
pair af lang rods protruding posteriocy Joo...
aaMusoe oy Sp.
Merasomal tergite T rrow and very elongine
(g, 1) Tore witg with radial cell elongate
(Fig. 61 (7 hody Iength ahout 20 mm, & 1012
min: head and mesosoma black, legs und
metasarma yellow (o Orange brow )
vinienes e e CTe R e Seagnsiion ('\/lurlwv
Metasommal tergite | broadening apically (big.
13): fore wing with radial cel short and broad
thody lenoth 2.3-3.2 mm not including &
ovipositor:  head  and  mesosoma hlack,
inerasoma ciher duk or yellow with dark
nukangs) Usdronias spp,).. sean)
Seutin sinooth: Tore wing sn L nI clear
in posteror half, white 'llllu‘lnl'\ & ovenly
Lranslucents feps yellow: metasoma cither dark
andd sometimaes with highter rransverse hands at
sutures ar yellow with darker mirkings ...
sdromeay spe A
\Lmum with dense pumnm wulp!nmm' fore
wing stizoma ol ¥ s O eyvenly dark: fore and
mid leas light brown, hind legs dark brown:
melasoma dark brown (0 ek oo oo
LetieissiessiteniNEiasiiensaNGisisay .Iu/mrmm sp. B
Ilmd Coki dw:lu;ml us Imsc flat dise: hind
tibic with distimet eriss-cross pattern ol sehie
(Fig. 133 lore wing with shiwmal vein very
short (Fig. 89 body dark. tegula and legs

()

(]
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2.7 mm, ¢ 1.3-1.9 mm) (Elasmidae)..............
T o T PO NN e SIS DI ¢ £ 111117 o)
Hind coxa normal sizc; hind tibia without
criss-cross pattern of sctae (Fig. 16); flore wing
stigmal vein elongate (Fig. 7); body vivid
ridescent green or blue-green (% body length
3.2mm, ¢ 2.3 mm) (Pteromalidae) ...,
et Megadioylas S,
Description of now species
Cotesia geometricae Austin sp. nov,
(FIG, 9)

Holotype: 2, Victoria, Atona, Dow Chemical Plant,
10X 1992, ex Muesampela privata (ANIC),

Paratypes: 25 ©9, 10 4 3. same data as holotype
but 10ix, 1992 and 8.vii. 1994 (ANIC, WARD: 10
? 9,2 dd, Lyneham Ridge, Canberra, ACT (ANIC,
WARI}).

Female

Length: 2.9 mm.

Colour: Head black: face, vertex and occiput with
dull lustre; antennae and mesosoma black; coxae
black, legs yellow-brown. apex of hind femur and
tihia sometimes with darker patch, tarsi black;
metasoma black except Tor laterotergites of segments
1-3 which are yellow-brown: wings liyaline, stigma
uniformly dark as arc fore wing veins C+Sc+R, |-
R 1, rand 3-Rs, these veins being darker than the rest.

Head: Face, temples und lateral frons with fing,
dense puinctation associated with pilosity; medial
[rons and vertex between ocelli smooth and hairless;
cyes densely covered with hairs, Tace slightly
narrower than half width ol head (3.1:6.5), inner
margins ol eyes adjuacent o face evenly curved and
slightly converging ventrally, ocelli large, Torming
slightly obtuse triangle, lateral ocelli separated by
distance Trom lateral ocellus 1o cye margin: antennae
maoderately long, about as long as body.

Mesosoma: Scutum with fine, dense punctation
associated with dense pilosity, posterior hall” with
smooth medial longitudinal line; notauli only very
Faintly indicated by shallow depressions: dorsal
scutellum  smooth except for a few scattered
punctures along  luteral margins:; lateral band of
scutcllum very broad and smooth; metanotum not
litting against posterior scuteltum so that phragma of
scutellum exposed  laterally;  propodeum  coarsely
rugulose-punctate, with slight mid longitudinal
depression and o few short striae radiating from
ventral margin: lateral pronotum with deep dividing
grooves which are very slightly punctate; meso-
pleuron with fine punctation associated with pilosity
inanterior halland ventrally below precoxal groove,

the rest smooth and shining: precoxal groove linely
punctate; hind coxa finely punctate in anterior /3 and
associated with dense pilosity.

Wings: Fore wing stigma broad. 2.3 x as long us
broad; hind wing broad, vannal lobe convex with
long marginal fringe of hairs throughout,

Metasoma: T1 slightly longer than wide (3.3:2.9),
virtually parallel-sided, smooth in anicrior half,
rugulose-punctate in posterior part but much finer
compared with propodeum; T2 subrectagular, 2.3 x
as wide as long, lateral margins curving inwards in
anterior part, surface rugulose-punctate but slightly
less coarse than on anterior part of T1, longitudinal
mid-line slightly raised and smoother than lateral
ureas, posterior and lateral marging with single line
of more distinct punctures: length of T2-T3 1.6:2.0;
length of T2-T4 cquul: T2-T6 smooth and shining,
with long scatlered hairs along posterior margin;
hypopygium with a Tew scattered long hairs,
posterior margin straight to very slightly concave:
ovipositor sheuths very short and straight, with a Tew
long apical hairs.

Male
As Tor female.

Host
Rearcd Itom Muesanipela privara (Geometridace),

Conmments

The sculpturing on the propodeum and T1-T3, the
shape of these sclerites, the form ol the hypopygium
and ovipositor, clearly place this species it the genus
Cotesia Cameron. Cotesia has previously been
referred to as the glomeratus species-group ol
Apuanteles 5.1, (see Mason  1981: Austin &
Dangerfield 1992) and it iy the largest genus of
Microgastrinac, comprising hundreds of species
world-wide. In Australia the genus is both common
and diverse but other than several species intraduced
[rom Europe and North America as biological
control agents Tor certain lepidopteran pests (see
Austin & Dangerfield 1992}, the Australian fauna
remains virtually unstudied. One other species, C.
wrabae Austin & Allen, is also associated with a
cucalypt-leeding host viz, Uraba lugens. Cotesia
geometricae dilfers from this species i that it is
gregarious. the first metasomal tergite is parallel-
sided (not broadened posteriorly), the Tlirst and
sccond tergites are more linely sculptured, the
median field of the second fergite hus rounded
anterior corners (not angled anteriorly) and the third
tergite is smooth throughout (not sculptured
anteriorly). This species is named alter the Tamily of
its host,
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Celyptapanreles mnesampela Austin sp. nov.
(FIGS 5, 1)

Holorype. VL Austealun Cagtal Tervitary. Lyneharm
Ridge, 300011993, ex Maesampela  privaid
22V W93 (ANIC),

Paraiypes |5, 3 £d0 sume duw as holotype
(ANIC, WARII,

Femtale

Length: L5 mm,

Colour: Head, antennae and mesosoma black bul
propletton yellow hrown: ore and mid legs yellow-
brown. including coxae, arsi durker; hiind femur wd
fibin yellow-hrown, coxue black. tarsi darker (han
Hibia, distal tibia blacks dorsal metsoma yellow-
hrown in-anterior half, black posteriorly, venral
mekasan yellow-hrown in anterior bwo-(hirds, blick
posteriorlys wings hyubne. venation mod-craiely
dark, stigina wnformly dark

Head: Tace, temples and  Laterd Trons: smooth
except for seattered micropunctures associated with
haiess meglial frons, verlex between ocelli and
vegiput simooth and hairfess; eyes densely covered
with hiairs, Gitec shightly nanower than hall width of
Deaed (2,005,850 jnner marging o eyes adjacent @ face
evenly curved: ocelli forming broad obtuse [riangle.
fateral ocelli sepavated by more tan distanee [rom
fateral ocellus Lo eye frarging antennue Tong, miuch
longer than body.

Masosoma: Scutum fnely and diserataly ponaiafe
medially, becoming more densely punetate-reteulnge
oswiuds lateral marging densely covered with huirs:
notali only very Frindy  indicawed by shallow
depressions; dorsal scutelhim smoath with o few
sl seattered punctures; teral hand ol scutellun
very hroad: menowame fitting closely  against
posterior seutelhom. phragma ol scotellum aoly
exposed 10 hiteral comers; propodeun smoaoth with i
few small radialing strive postero-medinlly; anteriog
Rall ol propodeant with a few Tairs and pssocinled
microptmetures; mesopleuron smooth, cavered with
hairs ) anterior onethivd and  ventrally  helow
precoxal groove: precoxal groove unsculpireds hind
coxa finely pundiate. covered with huirs,

Wings: Fore wing witlt stigma broad, phout 2.5 §
a6 long as broud: buse of 2-M pigmented: hind wing
Progd, vannal Tobe convex with long marginal Fringe
ol hairs throughoul,

Metasomue T mostly smaooth will o Tew fainl
atrine, leral marging evenly narrowing. with o few
seattered Tong hatesy medinn Tield of T2 delimined
Juteralty and posteriorly by distinet suler. alimnost an
copuilareral wimele tncshapes tength o T2-T3 13007
T2 Te sinoath and shiring, T2 without hairs, T3-T6

with long scullered hairs; hypopyeion switlh @ few
scuttered long hairss ovipositor sheaths very shor
and straight, with a few lTong apical has,

Mule

As for female except as follows: Antennae longer
and more robust: head sand sentum with degser white
hairs: seutum with denser punetation: metasoma all
hlack: hind legs wath femur darker or imfuscate.

Hust
Renred from Muesampela privata (Geometridic ).
the wulumn gumn moth.

Coeninents

Cilvplupanteles 15 o Tirge cosmopolitin 2eius of
severul hundred species. which comprises mostly (he
viripenniy and  actonarinT speeies=eroups  (sens
Nixon 1965), as well assongimber of smaller groups,
all of which are extrp-limilal excepl Tor 1he
monospecific demeter group Hom New Zealaml
(Nixon 1905, Mason 1981 In Austrabia and
Tasnrania there are an estimated 100 plus species of
Civptapamieles, only ane of which is deseribed. G
delioye Austin & Dangerfield. The genus is mos
diverse in the fropical parts ol (he continent, wl

appeary (o he disproportivnately represented i fhe

micrngastieine faung of the southeastern Pacilie.
[ram where o number ol aherrant species haye been
deseribed, e.g. G demerer (Wilkinson) front New

Zealaod, which i strongly dorso ventrally flatiencd

und Coaficemadigna (Fullaway) from Smou, whch
has e complete medial propodest caring. vasiform T
and stab of vein 3<Rs present in the fore wing
(Anstin & Dangerlield 1992),

Glyptapanteles mnesampeld can be distinguished
from G dellasd and most other undoseribed
Australian species by its colour, shape of petiaon il
fergites | oand 2oand seulpturing of the seubuim and
propodeum. Although the degree ol hosi specilicity
ol Glvpeapanteles spp. is poorly known. it s ulsu
fikely thit host associtions provide g dsetul iniial
puide ta the ddentity ol many microgasione
parasitends and this bs probably the case [or (his
species, Cyprapanteley mmesampela is named e
the host genue.

Discussion

This stidy has espanded the known parasitod
complex ol faevae of Mo peivary ino soulh-casiemn
Anstealion 1o include the  primary parasitoids
Cayibaria miera and two new: briconid species. (4
nitesainele and ' goometricae and live species ol
hyperparasitoid, moaddition (o several previonsly
recorded species (0l & Bashlowd 197 de Litle
19811 Gauld 1984 Lukues 19997 (Tuble 5). The
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prarasitobd comples of & host species s often stahle
bebween geopemplnenl locations when the host feeds
on the same (or taxonomically velited) plan speeies
{Axkesw & Slanw 1986: Mills 1993 However, the
parasitoids reared fromy M. priveda do jor appesr (o
[ollowe this generalisulion in thal the specivs reared a)
the two puainfand sies (Vicorie and (he ACT)
diflfered both Pronn each other and Trom those
previvusly veported  Trome Tasmania and  Vietoria
(Table 5y I particular, o ommesampeta has only
Been tound i the ACT bul no hyperparasitoids were
recorded from this site and are also apparemiy absent
e Tasnumia, Two o species ol Laoval parasitoid
recorded i Tasmanin (Eljor & Bashlord  1978;
Gl 1984 Tmve nol been recorded  from The
miinlund and  several  farval-pupal pavasitonds
recorded i Tasmams and Vietora (Bllon &
Rashiord 1978; de Litthe 1981 Ganld 1984 Tukacs
[99097 ) were ot found i this study. Inaddition, hwo
ditferent species of primary parasifoid were callecied
I conseculive yedrs at Lynchwm Ridge although i s
possible that hoth species were present during both
years bt were not foungd due 1o the fow level ol
parastisim at the site, fu parls differences belween
purssiiond compleses mity relleel collecting higs and
an it naive separation ol different purasitoid
species i the 1992 Victoran collection (e, pupie
were nab reared and Gooinesanipela inay hive heen
corlused with O, geametrivae), Howeyer, the reélative
ihundinee of o host can signilicandy infloence the
compositan ind namber ol parasitosid species it can
support (Mills 1090, WMills & Kenis 1941, The
greater spectes Hehiwss ol fhe parasifoid comples
Townd s Adfom amd Lo o lesser extent Shepparton.
therelore. may also be dae ra the igher relatve hosi
abundinee a ese Tocatons. The
parasiteivs i e de Lirle (T98 1) sludy [ Table S,
whieh wars afso underlahen durng a severe nuthrenk.
nay b heennse only purasitands seen Dyiposiing
o davae were ddensibicd. Dalferences me Host
phenlingy may alsoecaitribute to ditferepoes i e
mke-upr o) parasttond compleses (Askew & Shaw
st Althaueh most popaladions o M. vt hive
adonppant aulumne wiler popubition (MeQuillag
[985) amd an almost  dnsignificant  sumnier
pepaktbion (Tukaes 19997 (he faier study Tound
trt populagons at eker altimdes e Tasamdnis o>
A0 a8l can atso bave 2 large sunimer—g i min
puptilagion dand e poteatialty bivoltine, With this in

mind it should e neted thal the suryey by de Litfle

CIOSLY wys e during o sumiper outbreak af o
heh alttwde location in MW Tasmania whereas
Fliol & Bashlord (1978) and this sidy examined
lower altifuele popalations present over autumn and
winrer (NB Lubacs (09992 (did nor differentisle
berween sunmmer dmd sutamne populations of bost
Barvae o specitically recond the aliitede ol the

padcity of

collecting  mites), Vurther jnvestiganon ol the
influence of femporal and geographical variation ol
host abundance on the composition ol the parasiiond
complex dtilising larvae ol M. private will be
reguired 1o clarify these discrepancies.

This study tound that M. privasa higd an equal sex
ratiy ut hoth pupation dnd emergence. However,
wlthongh the present results did not show a
significant departure from a1l sey ralio, the lrend
lowards o greater praparfion ol female adules
resenibles that foand by Elliow & Bushlond (1978)
wha obtuined 644 femiale aduls from redred larvie.
The significantly lower weight of pupae that died

sugeests hal faevae mast achieve some eritical
weight o survive the pupal perod. The degree of

overkip ol weights hetween viahle male and fenle
puprae of Mo pravate indicgtes that prediction o sex
based on weight is nol leasihle.

The primary  parasitoids of M. penaea birvae
reeorded i this wid other studies (Elion & Bashiord
1978: e Litde 1981 Gauld 1984 Lukyes [9997)
Kill their host i lare tstars or s papae. These
pantsioids may reduce defolation o some exlent os
Juryie are most destruelive i then foarth and [
instars (o & Bashlord  1978). However. in
addition 1o therr effeet during the corment segson,
lapval parasitoids may reduce (e number of M
privatu that emerge m e nerl genertion. The
poteatial role of these parasitonds in hiologicenl
control, therelore. 15 likely 1o be one al regulation
and prevention of outhpeals eather than as o iethod
ol control when an oithreak 1 oecurring,

Althaogh the causes ol vutbredaks of Mgt are
uoclear i appears thar large moaoeulwves of
genetically sirlir specics e especially vilnerable
(Netmann & Colletlt 19971, The neffectivenass of
parasitisny in such situationy (Elion & Boastifod
1978 de Linde 1981 Neumunn & Collenr 1947)
may he due 1o low numbeérs ol ndtursl enernies
fimited by Ahe lack of alienative tood sonrees,
coupled with raped poputition growth ol the insec
herbivare fnoan area of dense und abundant resources
tRou 19730 Aluern & Letournedu 1984 Alaern o ol
19Y35 In addition, the ose of non-specilic
insecticides will coral the mumerieal response ol
lanrval parasionds sind thos prevent their comiribifiog
Lo Srhilising st poptilatiofns,

Reseanctl mun tie sustainable managemenl ol pesi
inreels s seen s an imporiant step w improve (e
cirrently poor economic rermns frome encalyp
Toresty | Stone 1993 Curent rescurch e Australia
has ineluded the evaluation ol steiins sl Buaeilfiy
thiccingteaviy Berliner (larcourt o al. 1804
Neumann & Collert 1997, (he use of patiedly
rosistdnt species and provepamees ob Fucglypnns
(Freow cr gf 0 TO9) and aiteractions between e
seetionad epa purastond, Tefeqummy <p,. aml s hs)
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M. privata (Schumacher (9977 Lukacs 19997). The
effect ol augmunting or cuconruging  natural
populations of larval and egg parasifoids ol M,
privata thraugh prietices soch us the nse of selective
insecticides and the provision ol alwemative Toad
sourees o adult parasitojds  has not - been
investigated. although the benefits of such practices
huve been shown in cucalypt plantations in South
America (Braganga or al. 1998) as well as other
pesteparasitoid systeins (Idris & Gratios 1995; On
& Pleasants 1996), The accurate dentification of the
mural enemies of M- private and an understanding
ol their ecology will be essential to the suceess of
such researely in Adstraliu.
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